T
he celebrated Greek physician Aretaeus the Cappadocian some 1900 years ago described diabetes as a condition with "a melting down of the flesh and limbs into urine." Remarkably, his observations are amazingly durable and accurate even by the standards of today with reference to type 1 diabetes. For example, insulin deprivation in type 1 diabetic patients causes a profound increase in catabolism, especially in skeletal muscle (1) (2) (3) (4) . Moreover, this net muscle protein catabolism is due to a net increase in protein breakdown rather than a decline in protein synthesis (1) (2) (3) (4) . In contrast, despite substantial alterations in glucose and lipid metabolism, the effect of type 2 diabetes on changes in protein metabolism is at best subtle, and results are inconsistent (5) (6) (7) (8) . A key difference is that in type 1 diabetic patients on insulin deprivation, muscle mass withers away (as demonstrated by profound cachexia in type 1 diabetic patients during the preinsulin era), whereas no such dramatic changes occur in type 2 diabetic patients with poor glycemic control. Withdrawal of treatment for 10 days in type 2 diabetic patients had little effect on amino acid levels or protein metabolism (8) , although glucose metabolism is substantially altered; this may relate to differences in portal insulin-to-glucagon ratios. Moreover, the differences in insulin levels between type 2 diabetic patients and nondiabetic control subjects are not substantial as opposed to the effect of insulin deprivation in type 1 diabetic patients.
In the current issue, Pereira et al. (9) report results from an extensive study to define whole-body protein metabolism in type 2 diabetes. The authors have studied basal postabsorptive and insulin-stimulated amino acid and glucose metabolism in 17 hyperglycemic (8 -9 mmol/l) type 2 diabetic and 23 matched control subjects and used infusion of labeled leucine to trace amino acid metabolism. They report that basal whole-body leucine fluxes were similar, but during the hyperinsulinemic glucose and amino acid clamp, total leucine flux and protein synthesis increased less in type 2 diabetic men. However, the decline of endogenous leucine flux (representing protein breakdown) was identical in all groups; yet, significant increase in nonoxidative leucine flux occurred in nondiabetic but not in diabetic subjects. They concluded that hyperglycemic men with type 2 diabetes have insulin resistance of protein metabolism. The investigators gave careful attention to dietary control before the experiments and replaced amino acids to avoid variable drops of amino acid concentrations, which have blurred some previous studies.
Another strength of the study is that the investigators studied a relatively large number of subjects, which permitted them to interpret their results with insulin resistance along a continuum as opposed to categorizing subjects into groups based on diabetic status or insulin resistance. However, there are potential pitfalls in the interpretation of the data. Protein synthesis calculation is based on nonoxidative leucine flux, and leucine oxidation depends on measurement of 13 CO 2 enrichment. It is of concern that insulin-resistant individuals received less glucose to maintain similar glucose levels during insulin infusion, which may have had an impact on measurement of leucine oxidation. Glucose contributes to 13 CO 2 , but depending on the source of glucose, 13 CO 2 enrichment in breath is variable. During glucose clamp, fatty acid oxidation is inhibited, and, since the natural abundance of 13 C content in glucose is higher, it is likely that there was an elevation of baseline 13 CO 2 enrichment. The magnitude of alteration in 13 CO 2 enrichment may depend on the amount of glucose oxidation. The investigators made substantial attempts to avoid this problem, but this potential problem cannot be completely excluded because they used fixed correction factors for diabetic and nondiabetic individuals during baseline and clamp that took into account the variable levels of glucose received by the subjects based on their insulin sensitivity. Using amino acid kinetics approaches to measure protein synthesis that do not depend on 13 CO 2 measurements during hyperinsulinemic glucose clamp is preferred to address this important question.
The study by Pereira et al. showed that insulin resistance may result in inhibition of modest stimulation of protein synthesis that occurs following insulin and amino acid infusion. The conclusions from their study are important in that they indicated that the clinical entity of type 2 diabetes involves defective protein metabolism and that the finding of impaired insulin plus amino acid stimulated protein synthesis in type 2 diabetic men may be of clinical importance. Impaired insulin-stimulated glucose disposal (10), muscle mitochondrial ATP production, and reduced mitochondrial protein synthesis also occur in type 2 diabetic patients (11, 12) , and these defects may be interrelated. Insulin's effect on protein synthesis at the translational level involves the AKT-mammalian target of rapamycin-P70S6 kinase pathway (13) , and amino acids also act via the mammalian target of rapamycin-P70S6 kinase pathway (14) . Insulin resistance therefore theoretically can affect protein synthesis. Reduced glucose disposal and fuel flux during hyperinsulinemic clamp in type 2 diabetic patients may affect mitochondrial ATP production, and ATP-dependent processes such as protein synthesis could be curtailed by reduced ATP availability. Association of insulin resistance with reduced ATP pro-duction occurs in aging (15, 16) in association with reduced muscle mitochondrial protein synthesis (17) . Insulin has effects not only at the translational level (18) but also at the transcription level of protein synthesis (11) . The effect of insulin on protein synthesis is likely to be not only tissue specific but also protein specific, as previously documented (19, 20) .
Since proteins are functional molecules, it is possible that many complications related to insulin resistance are related to defective synthesis of certain proteins. The current study only demonstrated that insulin resistance may result in reduced average synthesis rates of wholebody proteins, and it paves the way for important future work aimed at determining which proteins' synthesis rates are defectively low in states involving impaired insulin action. Now, hopefully, future studies will focus more on the impact of insulin resistance on synthesis of individual proteins at specific tissue levels and the underlying mechanisms.
